It is argued that volume and usage analysis are useful topics in the introductory database course. Since time is limited and many students struggle with the issues, a simple spread sheet model is presented for helping students learn data volume and usage analysis. A simple example is presented, and student response to a related exercise is reported.
Introduction
Data volume and usage analysis are interesting topics in database design or administration courses. Since the introductory course may be the only database course taken by many students, if issues of physical design are to be introduced, it must be in this course. Issues include estimating the size of the database and examining likely usage patterns to look for opportunities for physical design improvements like clustering. The author finds the discussion useful in introducing matters of physical design and tuning. However, the typical introductory database course may not have much time for discussion of these issues. Tuning is only mentioned by one panelist in two separate discussion (Adams et.al., 2004 , Robbert et.al, 2000 . Robbert & Ricardo (2003) report that optimization is typically allocated less than 2 hours per semester. In short, while these issues may be interesting there is not a lot of time available for this discussion, hence the need to make efficient use of the time allocated.
Motivating discussion of volume analysis is easy: one simply asks, "About how big will this database be?" The question is readily perceived as interesting and important. Some motivation for usage analysis is provided by suggestions like the following from the Oracle Performance Tuning Guide (Oracle, 2008) "Consider indexing keys used frequently in where clauses … [or are] frequently used to join tables." (14-3) "Cluster tables that are accessed fre-
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While such suggestions make perfect sense to an experienced database designer, they may appear arbitrary to a novice. Offering some theoretical discussion can illuminate the issue and make it clear that these "rules" are not arbitrary, but follow naturally from the way the data is actually stored. Usage analysis provided an opportunity to both raise the issue and also to shed light on strategies for physical design.
The computer science literature holds much serious analytical and empirical work examining physical design issues. Christodoulakis (1984) examined the implications of assumptions like constant number of records per block. Such assumptions often offer only bounds on cost. Clearly, if such a detailed analysis gives only bounds, then a brief unit in the introductory course can do little more. In particular detailed discussion of block sizing and chaining are not appropriate in the first course. Finkelstein and others (1988) developed an automated optimizer to allocate indexes. They also offer an excellent discussion of the economics of index configuration. Their system takes a set of SQL queries and frequencies as input. The usage analysis example described here, essentially provides a way to identify this set of queries and estimate their frequencies. While the resultant analysis is in no sense optimal, it does serve to illustrate the issue which is the objective of the exercise.
While the problems are not technically difficult, they prove to be, in the author's experience, very challenging for many students, perhaps because they are not accustomed to "back of the envelope" estimations. The topic is not addressed in all texts, and in those that do, the discussion proves difficult for many students to grasp. Further, this analysis is not readily supported by many CASE tools.
A secondary opportunity presented by the discussion is introduction to the use of orders of magnitude for estimating database volumes. The use of orders of magnitude is a common method in the sciences, but one which seems largely unfamiliar to typical business majors.
Finally, the exercise requires that the students develop a spreadsheet to perform many of the calculations directly. It is a natural extension of a tool that they already know into analysis in a novel application, adding the additional advantage of emphasizing the spreadsheet as an analytical tool rather than a computational tool.
Example
The entity relationship diagram (ERD) in Figure 1 illustrates a simple database design appropriate for the exercise. Additional facts regarding volumes and transactions are offered as well. Note that the data are given in the form of business transactions, not SQL statements, as that is the way that the analyst will encounter them. The ERD in Figure 2 uses the notation of Hoffer et.al. (2011) to represent the volume and transaction data on the ERD. In particular, the numbers in the entities represent the number of records estimated. The arrows represent query paths: the number indicates the rate and a "Q" represents a query while an "I" represents an insert on the database. 
Orders of Magnitude.
During the volume analysis discussion in class, it is helpful to review the notion of order of magnitude (OOM). Unfortunately, for many students, this is an introduction, not a review. The idea of orders of magnitude is commonly used in the sciences when the accuracy of the data is limited, or when precise calculations are too time consuming. (See for example, Goldreich et.al., 1999) .
The order of magnitude of a number is essentially the exponent when the number is written in scientific notation. For example, the order of magnitude of 1283 (1.283 * 10^3). Usually, the "cutoff" is 3. That is if the mantissa is less than three, the number is rounded down, if above 3, then the number is rounded up. This stems from the fact that 3 is about 101/2 . Thus, in terms of exponents 3 is about "half" way between 1 and 10.
Using OOM has several advantages: first it is easier to estimate; it is easier to do the calculations; it does not convey an inappropriate sense of precision. The latter is especially important when one is estimating uncertain values. In the current context is also helps deal with the issue of database overhead. As noted above, the introductory course does not have time to address such matters in detail, but they can be subsumed into the model by adding a reasonable percentage to the overall size. In the end, it generally does not matter much because the issue is something like, "Will this fit on one (or a few) 100GB hard drive(s)?" 
Volume Analysis Spreadsheet
A simple spreadsheet tool was developed. The spreadsheet has two regions. One contains estimates of the number of records and record size and volume calculations for each table in the database. The second addresses the transactions executed on the database and relationships student assignment suggested that it was an improvement over the previously used method.
The spreadsheet is demonstrated in Figure 3 illustrate the volume analysis. Each table is listed, and for each table, then number of entries is estimates as is the approximate size of each tuple. In each row in the spreadsheet the product of these two numbers estimates the size of the table. The sum of those products gives an estimate for the size of the database. Note that this does not include the overhead imposed by the database itself. This idea needs to be included in the discussion, but in general, may be assumed to be small compared to the size of the data.
Note that both numbers are estimated as orders of magnitude. Note that the estimate is also an order of magnitude. The actual number is 1,041,865,000. Thus there is little difference between the "actual" number and the OOM estimate. One of the ideas that comes from this analysis is that the most important estimates are the number of customers and the size of each record. In particular note that even if the number of parts increases by a factor of 10, there is no significant impact on the overall size of the database. 
Usage Analysis Spreadsheet
The purpose of usage analysis is to evaluate the nature of the "interactions" between the tables in the database. This might be used in order to help make decisions about denormalizing the design, creating clusters or indexes. The notation commonly used while graphical, presents problems in that the case tools we use do not support it, nor does it make the calculations easy.
The spreadsheet in Figure 4 illustrates the usage analysis. Each event in the list above is listed and is broken into the steps necessary for its execution. For each step the relationship is identified and the number of times the step must execute is calculated. For the first step in a transaction, the number of accesses to the table is simply the number of transactions. For subsequent tables, the number of hits is equal to the number of hits on the previous table in the transaction times the ratio between the number of records in the second table to each record in the first along this relationship.
Figure 4: Usage Analysis
For example, transaction 3, new order query, requires finding the customer record, then pulling all pending orders for that customer, and then pulling all line items associated with those orders. There are 300 of these per hour. Each customers average 10 orders and orders average 10 line items. Thus there are 300 hits per hour on the customer table followed by 100 hits on the order table followed by 1000 hits on the line item table.
The table is enhanced by highlighting those paths in the top half and top 10% of traversal frequency. These paths might be likely candidates for clustering. In the example, it might be desirable to cluster line item around orders since that path is the most heavily traversed. The spreadsheet could be further enhanced by condensing the table to delete duplicates. This would be easier to do by moving the data to a database.
Results
This tool was introduced in fall 2011. Anecdotally, the student response was favorable. The class was asked to respond to a written assessment (approved by the institutional review board) regarding their spreadsheet experience as well as the topic itself. 14 usable assessments were completed from a class of 17 (82%). Because of the small numbers only simple statistics are reported.
The team based project included a volume / usage analysis and all teams performed adequately on the assignment. In addition, there was a volume analysis question on the final exam had an average of 6.9 out of 12 with 3 very low scores (3 or less) and 6 high scores (9 or better). It is entirely possible that the superior performance was due to the attention drawn to the topic by the assessment. It is also likely that those who did poorly on the exam were among those who did not work on the assignment. The responses indicate that at least 4 of those responding spent less than one hour on the assignment. Two of those admitted to not working on it all.
It seems clear from the data (summarized in Table 1 ) that knowledge of spreadsheets was not an issue. The average time spent was over 3 hours, so it is clear that most students spent considerable time on the assignment. All 14 agreed that using a spreadsheet to conduct the analysis made sense. How much time did you spend developing the spreadsheet? mean = 3 hours Thus, the author concludes that the assignment was successful. How much can be attributed directly to the spreadsheet is unknowable. Clearly the time spent on the assignment itself was an important part of the success achieved. However, since the exercise provides one more opportunity to display the power of a spreadsheet as a tool of analysis rather than simple computation, the author will use this approach again and hopes that others may find the report useful in developing their own assignments.
